in this report that C. nocturnum is both LD and LSD in its responses and that the previously reported critical day length is for the LD responses while the LSD response has a critical day length of between 12 and 16 hours.
The biosynthesis of many phenylpropane derivatives in plants is often promoted by or dependent upon light (1) . This light requirement varies according to the compounds and plant materials studied (8, 17) , but in many cases appears to be related in some manner to photosensitive systems controlling maj or developmental processes. The biosynthesis of anthocyanins in Kalanchoe blossfeldiana is regulated by the same photoperiodic conditions which control the flowering of this species (12) , while high chlorogenic acid levels associated with the flowering of tobacco (2) and potato (14) are more likely to be a result of an increase in incident light energies. Possible control of photoinduced growth and developmental changes by these compounds is a matter of some speculation (3) . It seems important to investigate 1 Received July 10, 1964. the influence of photoperiod on the endoigenous levels of these compounds in other sensitive systems.
This paper reports an investigation of the influences of a range of photoperiodic treatments, each of 26 days duration, on the endogenous levels of phenolic phenylpropane derivatives in the aerial parts of Xanthium plants. Studies were also made of the influence of short-term photoperiodic treatments on the biosynthesis of these derivatives in a single leaf, as judged by their relative incorporations of C14 from a range of tracers.
Materials and Methods
Plant Material and Growing Techniques. Two forms of Xanthium pensylvanicuim (Wall) the addition of 2 drops of 2 N NaOH to the spectrophotometer cuvettes. The concentration of the compounds was calculated by assuming an extinction coefficient of 20,000 for the major k max of the phenolic moiety of the cinnamic acid esters (11) , and for band II (at 340-370 m,u) of the flavonoids (7) .
In radiochemical investigations compounds were not eluted from the paper for counting, because the activity of major components was relatively high and the spots discrete. Areas containing the various derivatives were subdivided into 2 X 2 cm squares, and these squares counted with a Phillips 18506 end wall GAM tube.
Experimental Results
Identification of Phenylpropane Derivatives. Recent investigations on the inhibition or activation of in vitro enzyme systems have emphasized the contrasting action of phenylpropane derivatives differing only in their hydroxylation patterns (20 to interpret small changes in the level of phenylpropane derivatives in plants of such different developmental condition. Leaves are the site of perception of most photoperiodic stimuli in mature plants, and dried powders of one-half to three-fourths expanded Xanthium leaves also showed 3 to 4 times higher levels of phenylpropane derivatives than "whole plant" powders. Tracers were applied to the leaves therefore, and sufficient time allowed for some of the labeled products to be transported to the terminal stem portions before harvest.
Plant material was kept in the glasshouse under continuous illumination for 18 days after potting out (i.e. until two-thirds expansion of fifth leaf). Uniform plants were then transferred to the growth cabinets for treatment, and semi-defoliated by removing 4 leaves below and 1 leaf above the fifth leaf. A single plant was used for each treatment. Photoperiodic treatments consisted of a single 16-hour dark period with and without a 2 minute light break, or with 4 long-night (16 hours) pretreatment. These treatments are abbreviated to 0, 1 and 5 respectively in tables III, IV, and V. Phenylalanine-C14 was applied to the leaves 20 minutes before, and C1409 evolved 40 minutes before the start of the single or last dark period. After the dark period plants were given 8 hours of light before harvest. Leaf material used for extraction was composed of the lamina only, while the stem portion was that above the point of inception of the petiole of the fifth leaf (ca. 2.5 cm). Chromatographic separations of phenylpropane derivatives extracted from these tissues are shown in figure 1 , and are typical of those -routinely obtained.
Activity incorporated into the major flavonoid aglycones present in leaf extracts of the 2 forms of Xanthium is shown in table III. The main point of interest is the 7-and 13-fold increase in the total uptake of activity from phenylalanine-C14 and C140, into these aglycones by the Mexican form as compared to the normal form. Most of this enhanced labeling appears in unknown 1 and to a lesser extent in unknown 2, while the percentage incorporated into 3-methoxy quercetin drops markedly. The amount of activity incorporated into the flavonoid aglycones of the normal form is low, but the values suggest no major changes in relative incorporations under the various photoperiodic treatments.
Activity incorporated into caffeoylquinic esters and quercetin glycosides in the leaf and stem under the various photoperiodic treatments is shown in tables IV and V respectively. It should be noted however, that no change in the concentration (mg/g dry wt) of the major phenolic components could be These treatments were not sufficient to cause a spectroscopically detectable change in the concentration of these compounds.
* Percentage of activity in isochlorogenic acids (IC) compared to chlorogeniic acid (C).
detected after these short-ternii radiochemical investigations by spectrophotometric assay following their elution from the chromatograms. The proportion of activity incorporated into the flavonoid glycosides falls during uninterrupted long dark periods, the extent of this drop being dependent on the number of such cycles, type of tracer used, an(d the tissue involved. Activity incorporatedI into the caffeolylquinic aclids from phenylalanine-C'4 (lid not, however, show any significant photoperiodically-induced variation. In C140, investigations this pattern is complicated by enhanced CO2 uptake induced by several long-dark periods (10) . Enhanced labeling of cinnamic acid esters under these conditions occurs only in the leaf however, and there s-as no evidence of -any increase in the activity of these comlpounds in the upper stem portions. The degree of labeling of minor components was rather lox for accurate assay, but results indicated that as in the long-ternm photoperiodic investigations, changes closely followed those exhibited by related major components. The proportion of activity incorporated into the 2 chlorogenic acid isomers (IC X 100/C) is seen (tables IV and V) to differ in leaf and stem tip extracts of the same treatment, and to vary markedly under different photoperiodic treatments and using different radiochemical tracers. A general observation is that the specific activity of chlorogenic acid in the leaves is 2 to 6 times higher than that of isochlorogenic acid, but that this difference is reduced after transport of the label to the stems. This observation and consideration of some preliminary work on the reintroduction of labeled caffeoylquinic esters into plants, suggest that isochlorogenic is formed relatively slowly from chlorogenic acid and is more metabolically inert than the mono-caffeoyl ester. Some indication of a differential incorporation of activity into caffeovlquinic aci(l isomers fromii C14 labeled CO2 and phenylalanine has also been reported in tobacco (15 (9) and Nicotiana sp. (24) .
It would be interesting to know how closely photoinduced CO2 uptake (10) is related to photocontrolled development. Four successive dark periods cause a 4-fold increase in the labeling of chlorogenic acid, and a 10-fold increase in the labeling of isochlorogenic acid from C1402 in Xanth'ium leaves in succeeding (fifth) dark period. A single long-dark period caused an approximate 30 % increase in the uptake of activity from labeled CO2 into both caffeoylquinic acid isomers. The actual and relative concentrations (.mg/g dry wt) of the caffeoylquinic acids in Xanthium leaves do not change however, after 1 or 'several long-dark periods. This photoperiodically induced increase in the specific activity of the caffeoylquinic.acids could be caused by higher specific activity precursors from the organic acid pool, or may be a reflection of a faster rate of metabolic turnover. The first alternative seems the more likely because no indication of a change in their turnover rates is seen in radiochemical investigations involving phenylalanine-C14.
The less photoperiodically 'sensitive Mexican form of Xanthiurn pensylvanicumn contained the major flavonoid glycosides and cinnamic acid esters of the normal form at approximately half the concentration on a dry weight basis. Radiochemical investigations, however, showed a similar pattern of incorporation of label into these derivatives in both forms. The major difference between these 2 plants as seen in this work, is the Mexican form's marked increase in incorporation of C14 labeled CO2 and phenylalanine into the methylated flavonol aglycones unknown 1 and unknown 2 (table III) . Spectroscopic analysis of these aglycones extracted from leaves showed that on a dry weight basis the Mexican form had approximately 3 times the concentration of unknown 1, and one-third the concentration of quercetin-3-methyl ether of the normal form. The difference between these 2 morphologically similar forms of Xanthium in their endogenous levels of these phenolic compounds may be made more interesting when the detailed structure of the unknown flavonoid aglycones is determined, and when there is a greater understanding of the metabolic function of the chlorogenic acids (19) . Summary
Investigations were made of the influence of 26 days of photoperiodic treatment on the endogenous levels of phenolic phenylpro.pane derivatives in the whole of the aerial parts of Xanthium pensylvanicurn plants; and, of the influen.ce of a single dark period on the biosynthesis of these derivatives in a single leaf, as judged by their relative incorporations of C14 from CO,, phenylalanine and tyrosine.
Chlorogenic acids make up 93 % of the soluble phenylpropane derivatives and 0.3 % dry weight of Xanthiumiit shoots (1-1.5 % dry wvt of young leaves 
